It has previously been shown that renal function is impaired in metabolic syndrome (MetS). Microalbuminuria, elevated serum osmolality, and decreased glomerular fi ltration rate (GFR) may indicate some degree of renal impairment. Among these, microalbuminuria and GFR have already been shown to be related with MetS. This study aimed to investigate the relation between MetS and serum osmolality.
PURPOSE
It is known that metabolic syndrome (MetS) is associated with microalbuminuria (1) . Microalbuminuria is also one of the diagnostic criteria for MetS as determined by the World Health Organization in 1999. Microalbuminuria as a result of endothelial injury in atherosclerosis may lead to retinopathy and cardiac problems in patients with diabetes mellitus.
Similarly, eGFR, which is an indicator of renal failure, has been shown to be related to MetS (2) (3) (4) . The value for eGFR is simply calculated using creatinine, age, and sex, and it is currently used to determine renal failure (5, 6) .
Another biochemical parameter that is impaired in cases of renal failure is serum osmolality (7) . Serum osmolality can be directly measured or it can be estimated by using sodium, blood urea nitrogen (BUN) and plasma glucose values. Ethanol affects serum osmolality results, and the most important variable for calculating serum osmolality is sodium. Minimal changes in osmolality are promptly regulated by arginine vasopressin release (7) (8) (9) .
Plasma glucose is a common variable that is involved in MetS and serum osmolality. BUN and sodium values are tightly related to hypertension, which is one of the criteria for the diagnosis of MetS.
Therefore, MetS has been proven to be related to microalbuminuria and eGFR. In the current study, we investigated if serum osmolality, which is a renal function indicator, is related to MetS.
PATIENTS and METHODS
This cross-sectional case control study began in February 1 st 2011 and ended in December 31 st 2011, it lasted eleven months. The study group was composed of 115 persons who were diagnosed as having MetS according to ATP III criteria and 123 persons who did not have MetS. Simple random sampling method was used to enroll the patients. The diagnosis of MetS was based on the presence of three or more of the following factors: hypertension (systolic blood pressure ≥130 mmHg ± diastolic blood pressure ≥85 mmHg or use of hypertensive agents); abdominal obesity (waist circumference >102 cm for men and >88 cm for women); fasting serum triglycerides ≥150 mg/dL; low high-density lipoprotein (HDL)-cholesterol (<40 mg/dL for men and <50 mg/dL for women) and fasting plasma glucose ≥110 mg/dL.
Blood pressure measurements were performed by Omron M6 Comfort digital equipment after a 10-minute rest. Height, weight, and waist circumference were all measured by a physician. Weight was recorded in light clothing and height was measured in a standing position. Body mass index was calculated from the formula: weight/height². Waist circumference was measured at the midpoint between the lowest rib and the iliac crest.
Laboratory examinations of each participant were obtained admissions in last 6 months. Blood samples collected by each family practice unit were sent to a common laboratory and biochemical analysis was performed in Turkey. Fasting blood glucose, HDL-cholesterol, total cholesterol, low-density lipoprotein cholesterol, triglycerides, aspartate aminotransferase, alanine aminotransferase, BUN, Na, K, and creatinine analysis were performed by the Architect auto-analyzer (C16200, Abbott, USA).
Serum osmolality was estimated according to the following formula: Osmolality = Na x 2 + glucose/18 + BUN/2.8
The eGFR values were estimated by using creatinine, age, and sex. Microalbuminuria was investigated in spot urine by using Roche™ dipsticks. The dipsticks were kept in a refrigerator at a suitable temperature until they were used. All the equipment used in the study was paid by the investigators.
Exclusion criteria were as follows: acute infections; hypertension that was not under control, a history of chronic renal failure or renal transplantation; patients older than 65 years of age and younger than 18 years of age; alcohol consumption in the last 72 hours; heavy exercise performed in the last 24 hours; urinary infection; dehydration; fever of unknown origin; malignancy; and pregnancy.
The present study was approved by the Ethical committee of the University of Trakya. Patients were informed about the study and their signed agreement documents were collected. No patients refused to cooperate for the study.
RESULTS
A total of 122 men and 116 women participated in the study. The mean age of men was 51.3 +/-13.6 years and it was 51.0 +/-13.4 years for women. There was no signifi cant difference for age between sexes (P=0.873).
The relationship between renal parameters and MetS is demonstrated in Table I . There was a strong relationship between serum osmolality and MetS (P=0.001). Serum osmolality was also associated with fasting plasma glucose (Pearson's coeffi cient=0.261 and P=0.01), waist circumference (Pearson's coeffi cient=0.193 and P=0.01), and systolic blood pressure (Pearson's coeffi cient=0.194 and P= 0.01), which are parameters commonly associated with MetS.
The distribution of MetS parameters and comparisons between patients and controls are shown in Table II. Microalbuminuria was detected as positive in 38 men (31%) and 38 women (32.7%).
MetS was positive in 59.1% of women and 40.9% of men, and there was a signifi cant difference between sexes (P=0.002). and osmolality have been determined to be closely associated. Abdominal obesity is one of the diagnostic criteria for MetS.
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We found that systolic blood pressure was related to serum osmolality. BUN and sodium elevations, which in turn elevate osmolality values, may result in hypertension. Medications already taken by patients to treat hypertension might have infl uenced the results.
There are several limitations to this study. Ideally, serum osmolality should be measured instead of calculating it. We decided to calculate serum osmolality because its measurement is not commonly performed at hospital laboratories. Another limitation of this study was that we measured microalbuminuria in spot urine. Spot urine measurements were used because it was a cheap and easy procedure.
DISCUSSION
In the current study, we found that MetS was correlated with all of the three renal parameters investigated including microalbuminuria, osmolality and eGFR. It is known that eGFR and microalbuminuria are associated with MetS. We determined that serum osmolality was also associated with MetS.
Recently, it was found that both calculated and measured osmolality were related to coronary heart disease, which was diagnosed by coronary angiography (10) . Evidence indicates that hyperosmolality may promote infl ammation (11) . Serum osmolality may be an indicator for endothelial damage.
There is a clear relationship between MetS and fasting plasma glucose, and fasting plasma glucose is a parameter that is used to calculate serum osmolality. Waist circumference 
